It is the only active region so far observed to show such high temperatures 0.5 R above the solar limb. We derive the emission measure and estimate elemental abundances. The active region produced a number of coronal mass ejections (CMEs). After one CME on March 23, a bright post-CME arcade was seen in EIT and Yohkoh/SXT images. Between the arcade and the CME core, UVCS detected a very narrow, very hot feature, most prominently in the [Fe xviii] line. This feature seems to be the reconnection current sheet predicted by flux rope models of CMEs. Its thickness, luminosity, and duration seem to be consistent with the expectations of the flux rope models for CME. The elemental abundances in the bright feature are enhanced by a factor of 2 compared to those in the surrounding active region, i.e., a first ionization potential enhancement of 7-8 compared to the usual factor of 3-4.
INTRODUCTION
Active regions are by far the brightest persistent structures of the solar corona. They originate from emergence of magnetic flux, and their topological structure and evolution are determined by the topology and evolution of the magnetic field. Physical characteristics of loop structures embedded in active regions have been extensively studied over a wide range of wavelengths in both quiescent and rapidly evolving conditions (Matthews, Klimchuk, & Harra 2001; Fludra et al. 1997; Webb 1981, p. 165) . Nevertheless, their role as source regions of the most energetic signature of the coronal activity, the coronal mass ejection (CME), is not well understood. There are indications that active region-related CMEs have different characteristics than those originating in quiet regions of the solar atmosphere (St. Cyr et al. 1999; Delannée, Delaboudinière, & Lamy 2000) , but such differences have been not quantified yet. The X-ray and UV observations of Yohkoh and SOHO resolved the ambiguity, common among the previous observations, of the source region of the CMEs. They provide contemporaneous observations for the disk and extended corona in several spectral ranges. These data could be helpful to establish the link between source regions and CME characteristics. The active region we analyze in this paper was an unusually bright complex structure (AR 8176, AR 8178, AR 8179) rapidly evolving and showing emission in very hot lines at high heliocentric distance. It was the source of many CMEs over several days. This set of data is unique in that the coronal spectra taken with the Ultraviolet Coronagraph Spectrometer (UVCS) are available together with white-light, X-ray, and EUV images.
Post-CME arcades often appear in X-ray or hightemperature UV lines as shown in Yohkoh and EUV Imaging Telescope (EIT) images. On 1998 March 23 UVCS observed what appears to be a striking example of the CME-current sheet-arcade structure. The temperature of the current sheet determined from the ions present, in particular [Fe xviii], is ð5 6Þ Â 10 6 K in the current sheet, and a similar temperature is derived from the Yohkoh observations of the post-CME arch. With these observations we can compare the energetics of the current sheet, arcade, and CME. The heating is interpreted as the result of reconnection as the open magnetic coronal field returns to its pre-CME streamer structure (e.g., Svestka et al. 1997; Forbes 2000) . Models involving rising flux ropes make particularly definite predictions regarding post-CME arcades because the oppositely directed radial field after the CME eruption is pressed together by the large-scale coronal magnetic field (see Hudson & Cliver 2001) . Among those models, that of Lin & Forbes (2000) emphasizes the role of the reconnection current sheet that connects the detaching flux rope to the post-CME arches in the dynamics of the CME. This is the first of two papers devoted to the analysis of the active region complex (AR 8179, AR 8178, AR 8176) observed by UVCS during the period 1998 March-April. In this paper we will concentrate mainly on the 1998 March data when the active region was visible at the southwest limb. A second paper (Ko et al. 2001, hereafter Paper II) deals with the data taken in 1998 April when, after half solar rotation, the active region was at the southeast limb. That paper combines UV and X-ray data to study the temperature structure and elemental abundances of the active region as a function of the heliocentric distance.
A description of the instruments and of their observations is presented in x 2. In x 3 we describe the UVCS spectra. In x 4 we discuss the UVCS steady spectrum, the atomic data used for the analysis, and the interpretation of emission-line intensities in terms of temperature, emission measure, and elemental abundances. Temperature, density, and abundances of the current sheet are discussed in x 5. In x 6 we compare the observed hot, narrow structure with predictions for post-CME current sheets. A summary of our results is in x 7.
2. OBSERVATIONS
Instrument Descriptions
The analysis of the active region relies on UVCS spectroscopic data, along with images taken with two other instruments aboard SOHO, the Large Angle and Spectrometric Coronagraph Experiment C1 (LASCO C1) and EIT, and on X-ray images obtained with the Soft X-Ray Telescope on board Yohkoh (Yohkoh/SXT). The temporal coverage for all the instruments is shown in Figure 1 . On the vertical axis we report the instruments and their observational bands. The horizontal axis gives the time in days starting from 1998 March 20.
UVCS (Kohl et al. 1995) obtains spectra of the solar corona inside an instantaneous field of view (FOV) given by the 42 0 long spectrometer entrance slits, which can be placed between 1.5 and 10 R . The instrument consists of two UV channels and a white-light polarimeter. The UV channels are optimized for the Ly (1216) and O vi (1032, 1037) lines, respectively, but are designed to measure intensities and profiles of the emission lines in the range 950-1350 Å . UVCS conducted a CME watch during 1998 March 16-24 mainly above the southwest limb at a heliocentric distance of 1.5 R for about 10 hr per day with exposures of 200 s each. The entrance slits were centered at polar angle P:A: ¼ 245 , and the slit widths for both O vi and Ly channels were 50 lm (14 00 ). Several Ly and O vi grating positions were used to get fairly complete spectral coverage. UVCS observed the active region again when, after half solar rotation, it reappeared on the southeast limb, and the data analysis will be discussed in Paper II. It was observed by CDS when it reached the west limb again on April 20 (Schmelz et al. 2001) . In Figure 1 the gaps in the data between March 20 and 25 correspond to the times during which other targets were chosen or to times of the daily synoptic program.
The internally and externally occulted design of UVCS rejects light from the solar disk so effectively that in general no corrections are needed for stray light. However, the observations reported here were obtained shortly after a heater was turned off and before the most accurate calibration of the mirror mechanism was performed. In addition, UVCS was pointed near one of the brightest active regions of the solar cycle. The result is that we chose too wide an internal occulter setting, and some stray light appears in the spectrum. The most obvious signatures are the transition region lines C iii 977 and N iii 989, 991 in the O vi channel and C iii 1176, Si iii 1206, and Si ii 1265 in the Ly channel. Unlike the coronal lines, these stray-light features are relatively uniform in brightness along the length of the slit.
By examining calibration exposures for which the internal occulter was intentionally placed at a wider setting than optimal, we have verified that the observed low-temperature lines match the stray-light spatial distribution and that their relative intensities follow the disk intensity ratios. We therefore use the C iii 977 intensities multiplied by the relative intensities from Vernazza & Revees (1978) to correct the O vi channel lines, and we use the Si iii 1206 line for the Ly channel. Of the lines we employ in this analysis, only The blank areas correspond to times when the instruments were observing other targets or to the periods when the region was behind the limb. The CME events originating from the active region have been marked with vertical segments. The horizontal segment connecting the first two CMEs indicates the presence of a continuous flux between the two major events.
Ly is significantly affected (about 50%). For N v the correction is 25%. The largest uncertainty in this procedure is the choice of the disk intensities. While the relative intensities of Vernazza & Reeves (1978) agree quite well with the SUMER spectrum of Curdt et al. (2001) for the quiet Sun, the relative intensities vary by up to a factor of 2 between quiet and active regions.
Aboard SOHO, images of the solar disk and inner corona were obtained with EIT (Delaboudinière et al. 1995) and LASCO C1 (Brueckner et al. 1995) .
The EIT FOV is an array of 1024 Â 1024 pixels (44<2 Â 44<2) with a pixel size of 2>6. This normal-incidence telescope can observe in four wavelength bands corresponding to EUV lines of He ii 303.7 (8 Â 10 4 K) and Si xi 303.3 (1 MK); Fe ix 171.0 and Fe x 174.5 (1.1 MK); Fe xii 192.3, 193.5, and 195 .1 (1.5 MK); and Fe xv 284.1 (2.0 MK). During the period of interest EIT was running a CME watch campaign using primarily the 195 Å band. Just a few images per day are available in the other bandpasses. The gap in the data between March 20 (12:30 UT) and 23 (22:00 UT) corresponds to the bakeout of the detector. This process is used to clean the CCD of any condensates that could degrade its quantum efficiency.
C1 is a spectrometric Lyot coronagraph, one of three channels comprising LASCO. LASCO C1 images are recorded on a 1024 Â 1024 pixel CCD, and its FOV ranges from 1.1 to 3.0 R . The coronagraph uses a Fabry-Perot interferometer, to obtain a set of monochromatic images covering the profiles of coronal emission lines of Fe xiv (5303), Ca xv (5649), and the comparison Fraunhofer line Na i (5890), H (6562), and a white-light band (5300-6400 Å ). At the time the active region was observed, C1 was mainly observing in the Fe xiv line, the data we are using in our analysis. The FWHM of the Fe xiv passband is 0.65 Å , and it was placed at different positions along the line profile. The temporal coverage shown in Figure 1 refers to the bandpass centered around 5302.42 Å . Each image is obtained with an exposure time of 25 s. The LASCO C1 images are generally corrupted in a predictable way by scattering of photospheric light from the primary mirror and a white background haze. The emission due to these two components is obtained from images taken with a translucent screen at the instrument aperture that suppresses the emission line. A total of three such '' closed door '' calibration images and three ''open door '' solar images, including the emission-line image of interest, are used to correct the emission-line image for scattered light and recover the signal due only to the coronal emission line.
We also used data from Yohkoh/SXT (Tsuneta et al. 1991) . This broadband instrument detects X-ray emission from the solar corona from temperatures as low as 1 Â 10 6 K up to 5 Â 10 7 K. Five analysis filters on SXT provide some spectral information. They are Al 1265 (Al.1), Al/ Mg/Mn (AlMg), Mg 2.52 lm (Mg), Al 11.6 lm (Al12), and Be 119 lm from the thinnest to the thickest. The most frequently used filters, Al.1 and AlMg, are capable of working at both flare and quiet modes. The FOV is 42 0 Â 42 0 for fullframe images (FFIs). We reduced all FFIs of Al.1 and AlMg filters taken during 1998 March 15-24. The spatial resolution is 4>9 Â 4>9. Images of the solar disk and inner corona are taken in 0.5 s for both Al.1 and AlMg filters.
2.2. The Active Region Evolution, Post-CME Arcade, and Current Sheet
In Figure 2 EIT 195 Å , 175 Å , and SXT AlMg filter images show the morphological structure of the active region complex. A main region located almost at the center of the southern hemisphere covers a large area with a complex pattern of loop structures. Southwest of this region a long, thin series of spots is the source of a second smaller active region that appears in both EIT and SXT images to be connected to the main region by large loop structures. In this paper we will analyze the evolution of this complex structure from March 20 to 24 when it disappeared behind the southwest limb. During this period the active region complex was the source of many CME events. In Figure 1 we marked with vertical segments the starting time of each CME as detected in LASCO C1 images.
A very long event started on March 20 at 20:30 UT when the southern part of the streamer was brightening and a small puff of plasma was ejected at P:A: ¼ 218 . At 1:23 UT, on March 21, a new eruption occurred north of the first one (P:A: ¼ 223 ), releasing a larger knot of plasma followed by a continuous outflow until 08:20 UT. Signatures of this eruption are seen in LASCO C2 around 06:00 UT at P:A: ¼ 248
. There are gaps in the Yohkoh/SXT data during these eruptions, but the light curve of the AlMg filter shows a peak at 16:28 UT, which does not have any correspondence in LASCO C1. The bakeout of the CCD detector of EIT started at 12:30 UT on March 20, and there are no observations for this event. UVCS was observing above the southwest limb with the entrance slits centered at P:A: ¼ 245 at the heights listed in Table 1 , for about 11 hr starting at 14:26 UT on March 20. From 17:00 UT we detected a smooth quasi-monotonic increase in the O vi and Si xii line intensities at two positions (P:A: ¼ 236 and 252 ) along the slit. Whether the brightening was related to the CME ejection or the active region evolution is difficult to determine.
On March 23 at 02:20 UT a new event occurred in the northern part of the streamer (P:A: ¼ 255
). The ejecta reached the LASCO C2 FOV at 03:09 UT and were centered around P:A: ¼ 269
. In LASCO C1 images the loop structures above the occulter disk in the first image of Figure 3 (image at 02:29:23 UT in Fig. 3 ) opened up, expelling material in the northwest direction. The structure splits into two legs that are pushed apart leaving a dimmed region in the middle (second and third panel in Fig. 3 ). From this dimmed region a tongue of plasma is ejected at 07:46 UT as seen in a later image taken at 08:24:45 UT in Figure 3 . The lower end of the ejecta is located at P:A: ¼ 255 , moves northwest rather than radially, and shows a helical structure (see image taken at 09:57:39 UT in Fig. 3 ). The outflow continues until 10:24 UT. In LASCO C2 the event starts to be seen at 09:33 UT at a polar angle of 269 . By 12:51 UT it was visible in the LASCO C2 image as a core at 3.5 R embedded in a larger system of faint loops. The corresponding speed is only about 100 km s À1 , a modest speed even for prominence material in a CME. The core appeared to be near 15 R in the LASCO C3 image at 23:21 UT, indicating an average speed of 180 km s À1 . It is common for slow CMEs to speed up once they reach heights of a few solar radii (Sheeley et al. 1999) . The LASCO C1 images taken for the rest of March 23 showed very intense activity in the loop structures at the base of the eruption. A prong of very bright material, which could be related to the southern leg created in the previous eruption, bends toward the south and brightens until a new loop structure is formed (at about 06:53 UT on March 24).
The bright post-CME arcade is seen in the EIT images near 22:24 UT. The He ii image contains a bright Si xi line at 303.32, which quite likely dominates the emission in the 304 Å band. The bright region in the He ii, Fe xii, and Fe xv bands lies in the region between 1.12 and 1.15 R in height at a polar angle of 251
. At similar angles and heights Yohkoh/SXT images show a bright feature reminiscent of the EIT post-CME arcade (Figs. 9 and 10). These data will be discussed in more detail in x 5.
During the March 23 CME, UVCS was making its daily synoptic observations on the opposite side of the Sun. At 15:56 UT, UVCS finished the synoptic observations and rolled to P:A: ¼ 245
. The UVCS spectra showed emission of [Fe xviii], [Ca xiv], Ne ix, and Fe xvii in a broad, diffuse region over the active region complex (AR 8176, AR 8178, AR 8179; P:A: ¼ 212 246 ) along with the usual coronal lines and also in a bright, narrow feature about 3 spatial bins in extent (126 00 ) at P:A: ¼ 257 and at height of 1.50 R . This narrow feature has been interpreted as the post-CME current sheet and will be discussed in detail later. The evolution of the active region was followed for many hours until 03:30 UT on March 24 and after the daily synoptic scans, from 17:49 UT until 01:07 on March 25.
On March 24 another eruption occurred at 10:53 UT in the southern part of the complex at P:A: ¼ 228 where LASCO C1 clearly shows the opening of a large loop. In LASCO C2 at P:A: ¼ 237 the event was recorded at 11:40 UT. The activity in this region is very well imaged in the EIT 195 Å where several brightenings can be seen between 2:00 UT and 10:46 UT when the eruption started. As in the case of the CME on March 23 the formation of a very bright arcade is clearly seen in EIT images and an enhanced emission in [Fe xviii] recorded by UVCS as well. Unlike the CME that occurred on March 23, no compact bright feature reminiscent of another current sheet was detected in the UVCS spectra. Projection effects due to a less favorable viewing angle could prevent the detection of a thin sheet.
3. UVCS SPECTRA UVCS observed above the active region complex over many days in a CME watch mode, which involved 200 s exposures with relatively fine spectral and spatial binning.
The detector masks binned the data in the spatial direction by 3 pixels (21 00 ) in the Ly channel and 6 pixels (42 00 ) in the O vi channel. The masks were chosen to include the three lowest Lyman lines, the O vi doublet, and lines of C iii, N v, Si xii, [S x], and [Fe xii]. With this setup we observed the active region complex from March 20 through 23. Fortuitously, the detector mask panel that covers Ly and C iii 977 also includes the [Fe xviii] 2p 2 P 1/2 -2p 2 P 3/2 line at 974.85 Å . This line has been observed in solar flares and at low heights in active regions (e.g., Feldman et al. 1998) .
Because of the unusually high temperature indicated by the presence of [Fe xviii], we switched to a mask covering the entire O vi detector beginning at 22:13 UT to search for other high-temperature emission lines. Such a mask requires a coarser spatial binning (10 pixels equivalent to 70 00 ) to preserve the spectral binning of 2 pixels. The memory of the onboard buffer limits the number of total bins in the image, and the full detector can be transmitted only if a coarser spectral or spatial binning is chosen. The wavelength ranges, the heights, and the observation times are summarized in Table 1 . The heights listed in Table 1 are those of the slit center, which is defined as the closest position to the Sun along the slit. The heights in the table are for the O vi channel. The Ly channel slit is 37 00 (0.04 R ) higher than the O vi slit. Since slit widths were 50 lm (14 00 ) in both channels, a gap of 23 00 is left in between them. This difference in height will be taken into account in our analysis (see below).
Spatial Distribution
The intensity variation along the UVCS slit of some of the emission lines is shown in Figure 4 . An almost quiescent emission is detected during the entire period of the observation, indicating a wide range of temperature from a few hundred thousand up to several million degrees. A cooler steady component appeared in the spectra late on March 22, and a very localized and intense emission at several million degrees appeared after the CME event on March 23 (sharp peak in the last panel of the figure). In Figure 4 we plot the spatial distribution along the UVCS FOV (entrance slit) for the Ly, O vi 1032, Si xii 499, Si viii 944 (dotted line in Fig. 4 ), and [Fe xviii] 974 lines starting from March 20 (first row) through March 23. The Ly, O vi, and Si xii lines form in a quite broad range of temperature, and their emissivities peak at 4.2, 5.5, and 6.3 in log T. Si viii forms in a much narrower range of temperature around log T ¼ 6:0, while [Fe xviii] peaks at log T ¼ 6:8. The coordinate along the slit is given in polar angle measured from north. The lowest heliocentric distance (1.43 R ) along the slit is at P:A: ¼ 245
. For each day we combined 2 hr of observations between 19 and 21 UT. The distributions of the Ly and O vi 1032 lines were corrected for stray-light contamination using the C iii 977.02 line detected in the O vi detector as well.
Although the evolution of the spatial distribution shown in Figure 4 depends on projection effects as the active region complex rotates across the limb, some structural changes can undoubtedly be related to the mass ejection events that occurred during that time. The emission distributions for most of the lines in the spectrum show two peaks corresponding to the bright active regions visible in the EIT and Yohkoh images of Figure 2 . The active region responsible for the emission centered at P:A: ¼ 235 was already very near the limb on March 20, and as it rotates behind the limb the emission generally fades in the cooler lines of Ly and O vi, while in the hotter lines the fading is less obvious. On the other hand, the second active region mainly responsible for the streamer emission around P:A: ¼ 257 brightens as it proceeds toward the limb. However, on March 23 it becomes very faint in the low-and medium-temperature lines, most probably as a result of the CME eruption that swept the streamer plasma outward. Instead, at the same location where the CME was launched, a very narrow and bright feature appeared in the hot line of [Fe xviii] 974 (as well as in Fe xvii 1153, Ne ix 1248, and [Ca xiv] 944 not shown in the figure). This bright feature is located along the UVCS slit at P:A: ¼ 257 and at its heliocentric distance is 1.50 R . This hot emission faded slowly over about 20 hr. figure) , which, as Si viii 944, form in a narrow range around 10 6 K. This new component of the spectrum does not seem related to any particular event that occurred in the active region complex. No CME or flare activities were recorded during March 22. This component could be the result of some new emerging structures as a consequence of the CME occurring on March 21 or simply the emission of an existing loop that approached the limb. Unfortunately, EIT was not observing at that time, and the evolution of loop structures inside the active region complex is not known. The spatial distribution of the emission observed lower in the corona with EIT and SXT is consistent with what UVCS was observing higher in the corona. However, the UVCS FOV does not overlap completely with these instruments, and a direct comparison cannot be performed.
LINE INTENSITIES
The distribution of line intensities along the UVCS entrance slit suggests the presence of a wide range of plasma conditions inside the loop structures forming the active region complex. Besides the peculiar bright feature corresponding to the current sheet that is brightening just in a few very hot lines, there is a more steady component of the emission with a wide range of temperatures from a few hundred thousand to several million degrees and a component located around P:A: ¼ 247 with a narrower range of temperatures around 10 6 K emitting mainly in the Si ix, Si viii, and Fe x lines.
Based on the spatial distribution just discussed, we selected three portions around the peak of each component: the current sheet (CS) portion of 140 00 around P:A: ¼ 254 , the region with the narrow range of temperature (NT) 210 00 around P:A: ¼ 247
, and a portion of 210 00 around P:A: ¼ 235 corresponding to the broad temperature (BT) component. Examples of these spectra are shown in Figures  5 and 6 .
The spectral lines along with their atomic transitions and intensities are listed in Table 2 for the three portions of the UVCS spectra. The lines and their intensities listed in Table  2 Table 1 ). The lines observed with the Ly channel are marked with footnote a, and the others have been imaged with the O vi channel. Most of the lines were observed simultaneously, but those marked with footnote b were taken with a separate grating position about 20 hr later. Many of the lines in Table  2 were also detected by Feldman et al. (1997 Feldman et al. ( , 2000 in the SUMER spectra of the inner corona. Three lines in Table 2 were not identified. The 1015.76 line was also observed in SUMER spectra and classified as a blend between a relatively cold and a hot line (Feldman et al. 1997) . In UVCS spectra this line has a similar distribution along the slit to the hot lines. The line at 1017.43 Å has no identification, and it is distributed like the hot lines although Feldman et al. (1997) report two lines at 1017.28 and 1017.74 Å classified as cold lines. Another unidentified line is the one at 1101.27 Å . It was observed in SUMER spectra and was classified as a cold line (Feldman et al. 1997) , but the statistics in UVCS prevent a reliable comparison with other lines in the spectrum. There are two more unidentified lines at 959.56 and 965.25 Å both detected in SUMER spectra (Feldman et al. 1997) . The line at 1175.44 Å is a blend of [Ni xiv] with several very bright C iii lines with wavelengths in the range 1174.93-1175.98 Å .
Line intensities were computed using single-or, in the case of blending, double-Gaussian fitting. For those lines with poor statistics we summed the intensities of all the bins along line profiles above a chosen background. The wavelength of each line is the center of the Gaussian fitting or, in the case of poor statistics, the wavelength of the line peak.
Uncertainties on the UVCS radiometric calibration are within 20% for first-order lines but as high as 50% for Cool lines of C iii, N iii, and Si iii were detected as well. These lines are stray light in origin and were used to correct the stray-light contamination for Lyman lines and the N v and O vi doublet intensities as discussed in x 2.1.
In the current sheet portion (CS) just a few very hot lines show a narrow and very bright peak. 
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Å may be present as well, but it is difficult to separate the former from a ghost of O vi 1302 and the latter from the C iii 1176 stray-light feature. All the lower temperature lines of Table 2 , although present in this portion of the streamer, fall off rather smoothly as a function of position along the slit, and no apparent emission originates from the hot feature. The narrow temperature (NT) component of the UVCS spectra is mainly emitting in the Si viii, Si ix, and Fe x lines, whose intensities are practically not affected by the other two components. All the other line intensities are taken as upper limits as a significant contribution comes from the broad temperature (BT) component, which is characterized by stronger line emissions extending over a wide portion of the entrance slit. Most of the lines smoothly fade toward the edge of the slit; however, some hot lines like Si xii 499 and Ca xiv 943 have a small bump around the same position as Si viii, Si ix, and Fe x, suggesting the presence of a local emission.
In Table 3 we list the spectral lines of Table 2 that peak in the NT and CS portions of the spectra. The line intensities of the broad temperature component are very little affected by the other components, and the values are those of Table 2 .
Atomic Data
In order to interpret the emission-line intensities, we need to know the excitation rates and ion concentrations as functions of temperature. In the coronal approximation, all the ions are in their ground states, and the intensity of any line is given by
where n i ¼ ðN Z =N H Þ½N Z;i ðTÞ=N Z , the density of the ion in question, can be separated into the elemental abundance and the ionic concentration as a function of temperature. The excitation rate q ex (T) is determined from theoretical calculations or laboratory measurements. We use the collisional excitation rates from the CHIANTI database Version 3.02 (Dere et al. 2001 ) and the ionization equilibria of Mazzotta et al. (1998 (Smith et al. 2001 ). Recombination to excited levels, which is not included in CHIANTI, makes a significant contribution to this line. Finally, we use the predicted emissivity of the Fe xvii 1153 line, although the accuracy may be lower because this line includes strong contributions from cascades from higher levels and from resonances in the excitation cross sections (Smith et al. 1985; Laming et al. 2000) . The current version of CHIANTI uses Bhatia & Doschek (1992) collision strengths for excitation to n ¼ 3 and Zhang & Sampson (1989) for n ¼ 4. Neither calculation includes resonances, and cascades from n > 4 increase the emission by more than 10% (Liedahl 2000 6 ). Based on a comparison with the Smith et al. (1985) emissivities, we suspect that CHIANTI rates are low by 20%-30%. The excitation rates and ionization balance are similar to those assumed by Raymond et al. (1997) except for the Ca x ionization fraction, which varies widely among different calculations and must be considered very uncertain. Si viii, Si ix, S x, Fe x, Fe xii, and Fe xiii show modest differences as well. At densities above 10 7 cm À3 , the low-density approximation is no longer valid for some lines, in particular [S x] 1196, [Fe xii] 1242, and Fe xiii] 510. We use CHIANTI to compute the density-dependent emissivities for these lines at a density of 10 8 cm À3 (see Parenti et al. 2000) . We also estimate the range of possible densities in the streamer to select the appropriate emissivity function for those lines. Collisional excitation rates for atomic H i are from Scholz & Walters (1991) and Callaway & McDowell (1983) and include direct excitation, recombination, and cascade from higher levels along with the branching ratio 0.88 for Ly. The Ly excitation rates agree closely with more detailed calculations by Laming & Feldman (2001) .
Steady Component: Temperature, Density, and Abundances
Line ratios of different ions of the same element can be used to derive the temperature structure, and they have the advantage of being independent of abundance. Of course, these diagnostics are affected by the uncertainties of the line emissivity calculations, which are about 15% for the Si lines but rise to 40% for the Fe x and Fe xv. We use line ratios of Si viii/Si ix, Si ix/Si xii, Si vii/Si ix, Fe x/Fe xii, Fe xiii/ Fe xii, Fe x/Fe xiii, Fe xviii/Fe xv, Fe xv/Fe xvii, and Fe xviii/Fe xvii to determine the temperature distribution of the BT components located around P:A: ¼ 235
, and we obtain a continuous distribution ranging from 1:5 Â 10 6 up to 4 Â 10 6 K. As mentioned earlier, the cooler component (NT at P:A: ¼ 247 ) shows a narrow range of temperature around 10 6 K.
Density diagnostics are relevant in the emission measure and abundance analysis especially for [Si viii], [Ar xii], and [S x] lines, whose emissivities depend on the plasma density. Since the observed spectra do not include density-sensitive line ratios, we use the ratio of collisional to radiative component of the O vi 1032 line (Raymond et al. 1997 ) to estimate the plasma density. The collisional and radiative components can be derived from the I(1037)/I(1032) intensity ratio, which is 0.5 for collisional excitation and 0.25 for scattering of photons from the solar disk for outflow speeds lower than 100 km s À1 . For higher outflow speeds the Doppler dimming of the 1032 line and the pumping of 1037 by the C ii 1036.34, 1037.02 lines modify the ratio, and this method is no longer applicable. Since the LASCO C1 and C2 images do not show significant outflow during the time the data used in the density analysis were taken and the I(1037)/I(1032) intensity ratio is less than 0.42 everywhere along the streamer, we can conclude that the outflow speed is less than 100 km s À1 . The outflow speed in the stationary streamer is typically less than 100 km s À1 at heights of 2.0 R or lower (Kohl et al. 1997; Strachan et al. 2002) . The density computed with this method is proportional to the average O vi disk intensity, which in this case was not measured at the epoch of the observation. We estimate upper and lower limits to the plasma density using the very active and quiet-Sun disk intensities as given by Vernazza & Reeves (1978) , and we obtained 10 8 and 10 7 cm À3 , respectively. An alternative diagnostic of the density comes from the radiative component of the Ly line and in this case gives 2 Â 10 7 cm À3 using a temperature of 2 Â 10 6 K. These estimates are differently weighted averages along the line of sight, so some discrepancy is expected.
We now study the elemental abundances using the line intensity measurements of Table 2 . The analysis of the abundances uses the emission measure distributions for the three components of the UVCS spectra. The Lyman lines of hydrogen are detected simultaneously with the other element lines, and the absolute abundances can be derived. In our analysis spectral lines with the largest uncertainties in excitation rate or radiometric calibration (second-order lines) were discarded whenever possible. Moreover, among lines of the same element we choose those detected in the O vi channel where most of the spectral lines were observed.
The intensities of the lines observed late on March 24, those marked with footnote b in Table 2 , have been scaled using as reference the O vi 1032, 1037, Ly, and Si xii 499 lines, which were always included in the UVCS spectra. O vi and Ly lines decreased by a factor of 1.8 over the 20 hr, while Si xii decreases by a factor of 1.4. We multiplied the intensities of [Ca xv] 1098 and Al xi 550 by 1.4 and Ca x 557 by 1.8. The line intensities observed in the Ly detector were multiplied by a factor of 1.56 to account for the difference of 0.04 R between the Ly and O vi entrance slit heights. Such a factor has been derived assuming a linear interpolation between two consecutive spectra taken at very close heights.
The top panel of Figure 7 shows the emission measure distributions that best match the UVCS spectrum. The elemental abundances are allowed to vary with respect to the photospheric values by Grevesse & Sauval (1998) as in Table 4 . The solid, dashed, and dotted lines are the emission measure distributions of the current sheet, broad temperature, and narrow temperature components, respectively. The predicted to observed line intensity ratios for the three components are plotted in the bottom panel of Figure 7 .
Although there is overall agreement, some of the predicted intensities do not match those observed. The discrepancy for [Ca xiv] is probably due to uncertainty in the observed line intensity. The line is, in fact, blended with [Si viii]. On the other hand, Ca x was observed later in the day, and it has a large atomic data uncertainty. [Fe xii] and [Fe xviii] are the reference lines for the iron abundance. The former is the brightest among the iron lines, and the latter is the brightest line inside the current sheet portion. Fe xv and Table 4 . The predicted to observed intensity ratios for each line are plotted in the bottom panel.
[Fe xiii] are both second-order lines, their intensities are poorly measured, and we cannot reliably use them for the Fe abundance. On the other hand, Fe xvii was detected in the Ly channel. Its predicted intensity is almost 2 times lower than that observed. This could reflect the combined effect of the radiometric calibration uncertainties mentioned earlier and the line emissivity calculation uncertainty discussed in x 4.1.
Abundance of Si is based on the Si xii 499 line because it is the brightest of the Si lines and is not blended as [Si ix] 950 and Si viii 944 are. However, as a second-order line the uncertainty on its radiometric calibration is 50%.
The [Ni xiv] 1034 line has been used for the Ni abundance, but this line is blended with the O vi ghost. [Ni xv] and [Ni xiii] have been discarded because the former is blended with an Ly ghost and the latter gives such a large discrepancy between the predicted and observed intensities that it is probably a misidentification. The K line requires a strong first ionization potential (FIP) enhancement to match the observed line intensities in the CS region, and inconsistent values are obtained for the other two components as well. These results could be due to large uncertainties in the line intensity measurements or possible misidentification of the 994 line. Therefore, the data cannot provide a reliable abundance diagnostic for potassium.
The uncertainties in the derived abundances are difficult to estimate because they include several factors that affect the abundances in different ways. An error in the intensity of the collisional component of Ly will scale all the abundances together. Errors in the ionization balance assumed, the excitation rates, the radiometric calibration, and the statistical uncertainty of the line measurement all enter in different ways. We estimate uncertainties in the abundances of O and Fe to be AE0.1 dex and those of the other elements, which depend heavily on second-order lines or lines with less reliable atomic rates, to be AE0.2 dex.
The active region as a whole has a fairly strong FIP effect, with the Fe abundances enhanced by a factor of 4 and the O depleted by a factor of 2. Silicon appears to be slightly enhanced, but the Si xii radiometric calibration uncertainty would allow a higher value.
The plasma composition of the CS portion is different. In this region of very high temperature plasma the emission is mainly in Fe xvii, [Fe xviii], and [Ca xiv], while the cooler lines should be emitted by the same low-temperature gas as the other two components of the spectra. The iron and calcium abundances in the current sheet are in fact enhanced by a factor of 7, almost 2 times larger than in the rest of the active region. Such a large FIP for iron cannot of course fit the observed [Fe xii] that is emitted by the cooler component. Along with the strong FIP effect found for iron and calcium the Si, Al, and S show an FIP effect larger than in the other components. O and N are enhanced by a factor of 2 as well.
Thus, the CS portion shows different abundances than the NT and BT components also in the cooler lines. Although in principle the plasma at this location along the slit may belong to different loop structure with different composition, problems related to evaluation of the collisional component of the hydrogen line or to the stray light cannot be excluded. A wrong estimate of the Ly collisional component may affect the result of the absolute abundances; however, we believe that this is not the case. The collisional fractions of Ly in the three portions are pretty consistent with those of the O vi line assuming that they are formed in the same region and using as disk intensities the Vernazza & Reeves (1978) quiet-Sun values. Spectra are bright, and line intensity measurements have negligible statistical uncertainties even in the CS portion, which is away from most of the spectral line peaks. There is some possibility that the stray-light subtraction caused an underestimate of the Ly, but it would require a factor of 2, and that seems unlikely.
POST-CME ARCADE AND RECONNECTION CURRENT SHEET
The post-CME arcade as seen in EIT 304 and 195 Å is shown in Figure 8 . The legs of the loops are visible, but the tops are about 5 times brighter. This may be a result of higher temperatures and densities near the loop tops, but their shape suggests loops seen nearly edge-on, and projection effects (Alexander & Katsev 1996) may partly account for the apparent apex brightened appearance. Optical depth effects may somewhat reduce the brightness at the loop tops (Wood & Raymond 2000) . Comparison of the widths and lengths of the loops suggests that radiative scattering could halve the intensities of the loop tops. The count rates correspond to emission measures of ð1 2Þ Â 10 27 cm À5 at the temperatures log T ¼ 6:2 (Fe xii band) and log T ¼ 6:3 (Fe xv band) with the calibration curves given in Delaboudinière et al. (1995) . By 13:28 UT on March 24, the sharp, bright loops were gone, but a higher, more diffuse set of loops remained.
The evolution of the arcade in Yohkoh/SXT images is in Figure 9 . The top of the post-CME arcade appears in Yohkoh images between 1.12 and 1.15 R at polar angles between 250 and 253 . It brightened between 04:36:11 and 07:38:59 UT. Under the assumption of photospheric elemental abundances, it reached an emission measure of 2 Â 10 28 cm À5 at a temperature log T ¼ 6:8. The luminosity was 10 26 ergs s À1 . Its emission measure declined by an order of magnitude and its temperature dropped to log T ¼ 6:6 over the subsequent 20 hr. Figure 10 is a composite image of EIT 304 Å , LASCO C2, and the intensity distributions of four spectral lines along the UVCS slit. The arrow marks the UVCS slit position, and the intensity distribution along it is that of the , is very well aligned with the post-CME arcade in EIT and the detached flux rope seen in LASCO C2. A few other hot lines showed a similar spatial distribution along the UVCS slit. Table 5 lists the intensities of these lines in the narrow hightemperature feature at different times during the UVCS observations. The differences in the spatial binnings and mirror height complicate the comparison among the different data sets. The data on March 23 were taken with the UVCS slit center at 1.45 R , and the current sheet was located along the slit at a position corresponding to 1.50 R . On March 24 the slit was at 1.33 R and the current sheet height was 1.38 R . By late on March 24 (17:49 UT, start of the fourth segment), the Fe xviii feature was much fainter than earlier in the day, and it did not stand out as a distinct bright feature. The active region to the south had brightened by a factor of 2, and the bright feature near P:A: ¼ 257 lay at its northwestern edge, as a diffuse boundary containing Si xii and other emission. Still cooler lines such as O vi and Si viii 944 were present at adjacent positions along the slit. The behavior can be summarized as a broadening and cooling of the high-temperature feature and a merging (at least in projection) with the progressively brightening active region emission.
The [Fe xviii] line was not obviously Doppler broadened. With 2 pixel binning, 50 lm slit width, and 1.18 pixels of spectral resolution the UVCS instrument resolution is 94 km s À1 . The temperature inside the current sheet based on the [Fe xviii]/Fe xvii ratio is between six and eight million degrees. The thermal Doppler width of iron is at most 82 km s À1 (FWHM). Then adding the instrumental width and the thermal width in quadrature, we expect an [Fe xviii] line width of 124 km s À1 , which compares favorably with the No. 2, 2002 ELEMENTAL ABUNDANCES AND POST-CME CURRENT SHEETmeasured value of 130 km s À1 (FWHM). This result implies an upper limit to the line broadening of at most the spectral bin size or 60 km s À1 . The line centroid is formally shifted by +18 km s À1 with respect to the nearby C iii stray-light feature, which is within the uncertainty in the line position. Given the possibility of different illumination across the slit and the uncertainty in the flat field of the UVCS detector, the uncertainty is AE30 km s À1 .
Current Sheet Temperature and Density
The observed intensities and the emissivities discussed in x 5 imply emission measures of about 10 25 and 4 Â 10 25 cm À5 at 1.50 and 1.38 R , respectively, and a temperature in the range log T ¼ 6:6 6:8. The emission measures suggest, for instance, a density of ð5 10Þ Â 10 7 cm À3 along a line of sight 4 Â 10 9 cm long. This density is somewhat higher than is typical for streamers at 1.5 R , but it seems reasonable in that the Mark III coronagraph images show a brightness enhancement at the position of the [Fe xviii] feature. A small filling factor is possible, as the feature may be much thinner than its apparent extent along the UVCS slit if it is not seen exactly edge-on. This would imply a correspondingly larger density.
To obtain another density estimate and to attempt an absolute abundance determination, we estimate the emission in the Ly line from the high-temperature region. There is no apparent bright Ly feature associated with the current sheet, but we can use the larger line width of the higher temperature gas to make the separation. Indeed, the observed Ly profile is slightly broader at the current sheet.
We assume that the background profile remains constant along the slit and that the Ly line width from the hot component is given by the temperature estimated from the iron lines, T ¼ 10 6:7 K. Fitting the sum of two Gaussians to the profile, we find that 10% of the total, or 5:7 Â 10 10 photons cm À2 s À1 sr À1 , arises in the hot component. The photon scattering rate for a temperature of T ¼ 10 6:7 K and a height of 1.50 R would be 12.7 photons per H atom per second for quiet-Sun illumination, but based on the spectra of Vernazza & Reeves (1978) we estimate 26 photons per H atom per second for the region above this intense active region. The observed hot component flux then requires a column density of neutrals N H i ¼ 2:7 Â 10 10 cm À2 , or dividing by a neutral fraction N H i =N H ¼ 4:2 Â 10 À8 at T ¼ 10 6:7 K, an electron column density N e ¼ 6 Â 10 17 cm À2 . Dividing the column density into the emission measure, we find
This density estimate carries a large uncertainty thanks to the double-Gaussian fit and the temperature assumption that enters through the assumed profile width (both for fitting and for the scattering rate) and the neutral fraction of hydrogen. Thus, the uncertainty is probably a factor of AE3. Nevertheless, it confirms the density estimate based on an estimate of the depth along the line of sight given above.
6. THE POST-CME ARCADE AND THE RECONNECTION CURRENT SHEET
We consider the energetics of the current sheet, the post-CME arcade, and the CME itself, although we have only rough estimates for the CME kinetic energy and gravitational energy.
The radiative cooling time for 6 Â 10 6 K gas at a density of 10 8 cm À3 is quite long, t rad ¼ 2 Â 10 5 =n 8 s. While the observed feature blends into the overall active region over the course of about a day, the dynamical timescale is much smaller. Unless the density is much higher (and the filling factor very small), radiative cooling can be neglected.
An interesting question is whether reconnection along the extended current sheet supplies the power emitted by the post-CME arcade, or whether local reconnection near the arcade cusp supplies the energy. Comparison of conditions in the current sheet with those in the post-CME arch is hindered by the unknown depth along the line of sight and filling factor of the hot plasma. The emission measure at 1.5 R requires L ¼ 4 Â 10 9 cm for a filling factor of unity and n e ¼ 10 8 cm À3 . Lower densities would imply a very large depth along the line of sight. Higher densities would suggest a lower filling factor, which is plausible if the sheet is thin. The post-CME arches have higher emission measure in a smaller region. Their luminosity according to the Yohkoh/ SXT emission measure and temperature is about 10 26 ergs s À1 .
Thermal conduction from the current sheet completely fails to power the post-CME arches. For a temperature of 6 Â 10 6 K, the conductive flux is about 1 ergs cm À2 s À1 . The width of the high-temperature region is about 10 10 cm, and the depth along the line of sight is roughly 4 Â 10 9 cm, so the total power of 10 20 ergs s À1 is too small by many orders of magnitude.
A more promising means for heating the post-CME arcade is advection. Material is dragged into the current sheet along its faces, heated and expelled from the top and bottom. The outflow speed is expected to be roughly the Alfvén speed. The thermal energy of 6 Â 10 6 K gas at a density of 10 8 cm À3 is 0.2 ergs cm À3 , so a 100 km s À1 outflow over 10 20 cm 2 could account for the luminosity of the post-CME arcade.
There are, of course, other possibilities. The arcade could be heated locally by reconnection if the magnetic field is strong enough. However, the large area of the current sheet extending far above the arcade provides a larger energy reservoir. It is also possible that energetic particles or some type of waves carry the energy dissipated by the current sheet upward and downward. These possibilities are difficult to test. Lazarian & Vishniac (1999) suggest that strong turbulence is vital to the reconnection process. Turbulent motion has speed lower than 60 km s À1 as obtained from the [Fe xviii] line width measurement (see x 5). The current sheet itself could be a thin layer within the [Fe xviii] feature, however, and it is not clear whether the turbulence predicted by Lazarian & Vishniac (1999) fills the whole volume.
A second important question is whether the bright [Fe xviii] region is ohmically heated by reconnection in the current sheet or perhaps heated by compression of the gas flowing toward the current sheet. The temperature of the streamer material in the neighborhood is log T ¼ 6:4 (see x 4.2), so the temperature must be approximately doubled. Adiabatic compression by a factor of 3 could raise the temperature adequately. Slow-mode shocks appear in some reconnection theories, and they could also contribute to the heating. On the other hand, dissipation of the magnetic energy in a ' 1 plasma would also double the temperature.
As Lin & Forbes (2000) give the most detailed treatment of the flux rope, we compare the UVCS observations with their models. We distinguish between fairly robust predictions of their models and expectations based on the models and general ideas about the behavior of current sheets.
In the Lin & Forbes (2000) model, reconnection is essential to allow the flux rope to escape, and the model specifically predicts that material must flow in to either side of the current sheet at a reasonable fraction of the Alfvén speed to maintain a steady upward motion. The Alfvén Mach number M A must be at least 0.04, and it should not exceed 1.0, so M A ' 0:1 is a fairly firm requirement of the model. As material is pushed into the current sheet, it is heated by compression, ohmic heating, and perhaps slow-mode shock waves. It should not accumulate in the current sheet, so it is expelled from the top and bottom at approximately the with height 1.55 R . The different times were chosen to combine the data into a single image. At the time of the UVCS observation, the LASCO CME was much larger but similar in shape.
Alfvén speed. Conservation of mass implies
where l is the thickness of the current sheet and q and p are the heights of its top and bottom, respectively. Thus, the observed width of order 10 10 cm implies a current sheet height of order 2 R . Within the uncertainty in M A , this is consistent with the position of the CME core (3.5 R on March 23, 12:51 UT) when the [Fe xviii] was first observed, but rather small compared with the height of 15 R at 23:21 UT. However, it is far from clear that the CME core seen in white light should be identified with the top of the current sheet. A gradual broadening of the [Fe xviii] feature is seen during the course of the observation, but only by about a factor of 2. It is difficult to reliably predict the form that energy dissipated by reconnection will take. Lin & Forbes (2000) suggest that roughly equal amounts should go into heating the post-CME arcade and kinetic energy of the CME. One might hope, then, that the increasing kinetic energy of the CME as it accelerates and the change in gravitational potential energy might roughly equal the luminosity of the post-CME arches. Between 12:51 and 23:21 UT, the CME accelerated by roughly 80 km s À1 and rose from 3.5 R to a much larger height, requiring about 6 Â 10 14 ergs g À1 . For a typical CME mass of 10 16 g, this implies 6 Â 10 30 ergs. During this time the arcade at 1.13 R radiated roughly L Â t ¼ 10 26 ergs s À1 Â 38; 000 s, or 4 Â 10 30 ergs, which is remarkably close to the CME energy.
As mentioned above, the temperature inferred from the presence of [Fe xviii] and other high-temperature lines is quite consistent with the expected heating in the current sheet provided that the magnetic energy dissipated is transformed into thermal energy. The magnetic field outside the current sheet should be 1 G. For the geometry of the region we observed, the gas velocity would be perpendicular to the line of sight, so no line shift or broadening is expected. If the energy dissipated takes the form of waves, some line broadening might be seen. Lin & Forbes (2000) also predict the evolution of the current sheet. For their reference set of parameters, it decays over a time of a few hours. However, their model CME has a speed of 1000 km s À1 , so a decay time of order a day would be expected for the much slower CME of 1998 March 23.
SUMMARY
SOHO and Yohkoh observed a rapidly evolving active region that in 1998 March was the source of many CME events. UV spectra at a heliocentric distance of 1. The elemental abundances are computed using the emission measure distributions and are consistent with a strong FIP bias and some gravitational settling. A slow CME occurred on 1998 March 23 and produced a post-CME arcade very bright in EIT 195 and 304 Å bands and in Yohkoh/SXT as well. In the UVCS spectra right after the CME a narrow feature in [Fe xviii] and in a few other hot lines was detected that faded in almost 20 hr and was located between the CME core and the arcade. The temperature in this feature is 10 6.7 K and the density ð5 10Þ Â 10 7 cm À3 . Elemental abundances show an FIP bias 2 times higher than the surrounding active region. This narrow feature appears to be the current sheet predicted by some CME models. The energetics of the CMEcurrent sheet-arcade system is generally consistent with expectations.
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